For the past three years a study of bacteriophage in its relation to Bact. diphtheriae has been in progress in this laboratory. Incidental to this study observations have been made on the occurrence of the lytic principle active upon this bacterium, with results which somewhat extend our knowledge of the distribution of bacteriophage in general, for it would hardly seem that the conditions governing Bact. diphtheriae bacteriophage should be unique and not be duplicated in the case of bacteriophage races of other potentialities.
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That bacteriophage is more or less widely disseminated throughout nature has, of course, been observed, but in no instance has any considerable attention been paid to the distribution of a given type of bacteriophage active upon an organism of known pathogenic power. Reports are available as to the recovery of B. coli bacteriophage from a variety of sources, of staphylococcus bacteriophage from other sources, of B. pestis bacteriophage under other conditions, etc., the general conclusion being that certain races of bacteriophage are to be found in connection with normal man and with materials intimately associated with him, in contaminated soils and waters, and in actual infectious processes. Furthermore, numerous reports attest to the fact that many bacterial cultures may harbor, for long periods of time, specific races of bacteriophage. How this is effected is, perhaps, aside from the question, for at the moment we are not concerned with the problem as to whether this represents a symbiotic growth of two autonomous organisms, or whether the bacteriophage which characterises such cultures represents a derivative of the culture itself. The only pertinent fact is that thus far, with the exception of Bact. diphtheriae, no organism has been described as being uniformly and constantly associated with bacteriophage.
As has been previously reported, sporadic attempts have been made in this laboratory for the past ten years to isolate a bacteriophage active upon Bact. diphtheriae, but until recently all had failed. This was, of course, due to the fact that a known bacteriophage-susceptible strain of the diphtheria bacillus was lacking, and, consequently, it was impossible to disclose a bacteriophage when the test organism was not suited to bacteriophagy. The reason for these failures is now obvious-all strains of Bact. diphtheriae which had been employed were, undoubtedly, lysogenic organisms, and, consequently, while carrying bacteriophage possessed a greater or less degree of resistance to lysis.
The solution of the problem was in a sense fortuitous, in that finally a strain of Bact. diphtheriae was obtained sensitive to lysis. For although this strain was encountered in a systematic study of diphtheria cultures in relation to their behavior in filtrates of those substances considered most likely to contain bacteriophage, the strain possessed no characteristics suggesting its distinctive behavior. The discovery of this single susceptible strain provided the point of departure for the studies subsequently made.
The accumulated experience of many workers has indicated that sewage affords a most promising source for bacteriophage of almost any type, and consequently our tests with material derived from patients with diphtheria were supplemented by tests of the action of sewage filtrates on the cultures under study. For the isolation of bacteriophage from sewage it is wise, in the initial contact, to utilize relatively large amounts of filtrate under conditions which will permit bacterial development unless bacteriophagic inhibition is evidenced. In the present search-and in others, equally successful, for bacteriophage races active upon other bacterial species-go cc. of raw filtered (Chamberland Ls) sewage were mixed with IO cc. of broth -having a ten-fold concentration. Dilution of the broth to the concentration usually used in cultural work is thus effected by the filtrate. The filtrate-broth material was then inoculated with strains of Bact. diphtheriae and incubated. Of several bottles so inoculated, one, after the usual period of incubation, showed a definitely restricted bacterial growth, and this culture was filtered. The filtrate so obtained was distributed in o. I cc. amounts in several tubes, each of these being then inoculated with different single strains of the diphtheria bacillus. Incubation showed that the filtrate contained some agent which not only completely prevented growth of one of the cultures, but eliminated the bacteria inoculated. With the other strains of Bact. diphtheriae this filtrate was of questionable potency; complete lysis never took place, although in some instances a bacteriostatic action was apparent.
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The susceptible strain,-the Wright strain-has been described elsewhere, as have been our attempts to procure other strains of comparable susceptibility. It is only necessary to state here that thus far no strain duplicating the behavior of the Wright strain, has been disclosed, although many strains exhibiting a partial sensitivity to lysis have been examined. The search for additional races of bacteriophage-races of greater potency or of more specific action-has been continued, and has shown the very wide dissemination of diphtheria bacteriophage.
In addition to the initial successful attempt to procure active bacteriophage from sewage, four other trials of sewage have been made. In three of these, races of bacteriophage active upon the Wright strain have been obtained; but in no instance has the lytic agent exhibited potency for other diphtheria cultures. Against the Wright culture, itself, the sewage filtrates have been of varying activity, and, as indicated above, one lacked potency. This last fact is possibly of interest, since it suggests that the appearance of bacteriophage in the successful cases was referable to some property in the sewage rather than to some abnormality in the Wright culture. That the latter possibility represents a contingency not unworthy of consideration is obvious, not only because this single strain of diphtheria bacillus appears to have unusual attributes as regards sensitiveness to bacteriophagy, but also because this culture has, at different times, given evidence of conforming to the general rule, that is, of carrying bacteriophage. The rather distinctive behavior of the Wright culture in this respect will be considered elsewhere.
Having now a diphtheria culture of known susceptibility, attention was turned, in the search for bacteriophage, to materials more directly associated with diphtheria. Throat washings were obtained from a diphtheria carrier, and, from these, filtrates were prepared. A weak bacteriophage was present, active only for the Wright strain. A matter of some interest is that this race had no appreciable effect upon the organism which the patient was carrying. Filtrates were prepared from the stool and from the urine of this patient. Bacteriophage was present in both. In so far as could be determined the races of bacteriophage derived from this carrier were identical; all three races were active only in low dilutions and the development of secondary cultures after lysis was usual.
Nothing is here implied with reference to the prevalence of diphtheria bacteriophage in carriers. But one carrier was examined, and in this one a bacteriophage was found.
Turning to clinical cases of diphtheria as a possible source of bacteriophage, filtrates were made of the throat washings, the stools, and of specimens of the urine. From one such case a highly potent race was derived, but here also, the activity was limited to the Wright strain. Filtrates prepared from the stools of another case of diphtheria, ten days after the last positive throat culture had been secured, contained a similar bacteriophage. One other race of bacteriophage was isolated under circumstances of some interest, i.e., from a patient convalescent from a streptococcus septicemia. Several positive blood cultures, yielding streptococci of the green variety, had been obtained. The last culture was apparently sterile, but after five days a small, slowly-growing diphtheroid organism appeared. Filtrates made from this blood culture yielded a bacteriophage active upon Bact. diphtheriae. This observation may be suggestive in view of the studies recently made upon the cyclogeny of the diphtheria bacillus and the apparent close relationship between diphtheria bacilli, diphtheroid bacilli, and certain coccus-like forms associated with them. This is not to be interpreted as an assertion that the green-producing streptococcus was not a virtual streptococcus, but the fact that some of the coccuslike forms found in certain stages of diphtheria and diphtheroid cultures yield a green pigment on blood agar may permit a questioning attitude toward the concept of fixity of those attributes which characterize a species. Of course, the source of the diphtheroid appearing in this culture may be questioned. At all events, a bacteriophage active upon a strain of diphtheria was recovered from this blood culture.
Study of the association of diphtheria bacteriophage with normal -at least non-diphtheritic-persons showed that a bacteriophage could be recovered from approximately 50 per cent of those examined. This, like the sewage tests, indicates that the source of the lytic principle is the filtrate rather than the test organism, particularly since in many cases throat washings from several cases were tested at one time with inoculum from the same culture, some yielding bacteriophage, others being free. Washings from the throat, in the case of two persons who were handling Bact. diphtheriae and observing the usual laboratory technic, were, in one case positive, in the other negative. A similar variability in filtrates of stool of normal persons was noted; the normal person may, or may not, carry a diphtheria bacteriophage in the enteric tract.
426.
Considering only the distribution of diphtheria bacteriophage in its relation to the normal host of the diphtheria bacillus, it is obvious that it may be found in the throat, the stools, and the urine of persons with clinical diphtheria, it may be present in the throat, stools and urine of the diphtheria carrier, and it may, or may not, be found in the throat and intestinal tract of the normal individual.
In It seemed logical to assume that it was of exogenous origin, and the initial detection of bacteriophage in the throat of the person who was working with diphtheria cultures suggested that it might be more or less widely disseminated throughout the laboratory. Thereupon, the air of the laboratory was bubbled through a layer of broth, and filtrates prepared from this broth contained bacteriophage. The air of neighboring laboratories, rooms in which work with diphtheria and diphtheria bacteriophage was not being done, failed to yield bacteriophage. The air of a class-room, at that time not in use, and of rooms on the floor below were tested and failed to show bacteriophage; but in a large general laboratory, where there was much passing by all members of the staff, filtrates of the air washings contained the bacteriophage. Filtrates of the washings of the air of the laboratory which had yielded bacteriophage were made after the room had been closed over a week-end, but no bacteriophage was recovered. Filtered suspensions of the sweepings from the floor also yielded bacteriophage.
In view of this more or less general distribution of a lytic principle for the diphtheria bacillus, the question again arose as to whether the results being obtained were actually bacteriophagy, or whether the cause of the phenomenon might not reside in the culture used rather than in the materials added to that culture. Every control test was applied. The diphtheria culture then being used was certainly not lysogenic, nor was it susceptible to bacteriophage races active upon the pyogenic cocci, the bacilli of the enteric group, or B. megatherium. All filtrates from the culture itself were without action. It seems necessary to conclude that bacteriophage may remain suspended in the air for considerable periods of time, retaining its specific activity. Subsequent studies have shown that other races of bacteriophage purposely sprayed in the air persist for considerable periods of time, and that the particles bearing the lytic principle may be carried for considerable distances by air currents. This does not imply that bacteriophage is volatile, but that simply in the methods of manipulation customarily employed, contamination of the laboratory takes place. Possibly this fact may explain some of the reported instances of the spontaneous appearance of bacteriophage in cultures and other materials under study.
A consideration of these results,-which, indeed, have been gathered but incidentally,-suggests two rather significant points. First, in what manner does diphtheria bacteriophage maintain itself in the throat, from which no recognizable diphtheria bacilli can be recovered? In certain instances this presence of bacteriophage may not involve a maintenance, since its presence in the throats of persons working with diphtheria cultures, or with bacteriophage itself may represent a continued implantation from an exogenous source, through the medium of the air. In other cases, however, positive results were obtained with the throat washings, as well as with filtrates of the stool, of persons who were not in any known way concerned with diphtheria. Is it possible that our cultural methods for disclcosing Bact. djphtheriae are defective, or must we assume that the pleio-morphism of the organism is such that some forms are not recognizable? It is certain that under artificial conditions of cultivation an extreme pleiomorphism exists; and it may well be that under natural conditions a similar situation may develop. None of the individuals termed normal were diphtheria carriers in the ordinary sense, yet in their throats was a bacteriophage having a specific action upon Bact. diphtheriae. Can there be organisms of common origin with the diphtheria bacillus in which the morphological characteristics are -so altered that they are no longer identified? Any other interpretation would seem to postulate that bacteriophage can maintain itself in some fashion other than at the expense of its specific bacterial associant-a condition which has not yet been demonstrated.
The other point worthy of note is that laboratory contamination with bacteriophage is much harder to avoid than is contamination with bacteria,-and it is more difficult to detect. Unless bacteriophage be handled as though it were the most virulent of cultures it may contaminate not only the immediate surroundings and the person engaged in working with it, but every place to which it may be carried by air-currents or fomites. It may be added that since more rigid precautions in handling bacteriophage have been instituted all attempts to recover it from the air have failed.
CONCLUSIONS
Bacteriophage active for Bact. diphtheriae may be recovered from diverse sources. It has been obtained from sewage; from the throat washings, the stools and urine of clinical cases of diphtheria -in one instance IO days after the organism had disappeared from the throat; from carriers; from the throats of persons who were not diphtheria carriers, or from whom the so-called diphtheroid forms could be recovered by ordinary cultural mfiethods; from the air and floor sweepings of laboratories in which work with diphtheria bacteriophage was being conducted; and from IOO per cent of all field cultures of diphtheria bacilli subjected to examination.
The significance of this wide dissemination of diphtheria bacteriophage can not be determined; whether it represents an exceptionally delicate index of contamination pointing to a wider distribution of diphtheria bacilli, or of forms allied to them, remains unsolved. The relationship, if any exists, between diphtheria bacteriophage and diphtheritic infection is likewise unknown.
Possibly some of the conflicting reports of the occurrence of spontaneous appearance of bacteriophage may be explained by the demonstration that the bacteriophage corpuscle as such, or the lytic principle adherent to particulate matter, may be recovered from the air and dust.
